The use of phenol in quantitative determinations connected with the analysis of coal by Charlton, Ernest Edward

THE UNIVERSITY
OF ILLINOIS
LIBRARY
VMS
ill


THE USE OF PHENOL IN QUANTITATIVE
DETERMINATIONS CONNECTED WITH
THE ANALYSIS OF COAL
BY
ERNEST EDWARD CHARLTON
B. A. Grinnell College, 1913
THESIS
Submitted in Partial Fulfillment of the Requirements for the
Degree of
MASTER OF SCIENCE
IN CHEMISTRY
IN
THE GRADUATE SCHOOL
OF THE
UNIVERSITY OF ILLINOIS
1915

UNIVERSITY OF ILLINOIS
THE GRADUATE SCHOOL
June 1, kji5
I HEREBY RECOMMEND THAT THE THESIS PREPARED UNDER MY SUPER-
VISION by grnaat Edward Charlton
ENTITLED THE paft n» PffWNftT. TW qUiflglg&EIVl EETEBMIBATIOAS
CONNECTED WITH THE M4LYSIS OF COi»L
BE ACCEPTED AS FULFILLING THIS PART OF THE REQUIREMENTS FOR THE
degree of MA8m....flf^IMCE . Ifl.OmmSTRY _
ic^^kL-™.
In Charge of Thesis
kCl/f^^
f Head of Department
Recommendation concurred in :*
Committee
on
Final Examination*
Required for doctor's degree but not for master's.
Digitized by the Internet Archive
in 2013
http://archive.org/details/useofphenolinquaOOchar
TABLE OF CONTENTS
.
Page
Acknowledgement
,
Z« Introduction, 1
1. Purpose of the Investigation, 1
2. Outline of Present
Investigation, 4
II. Experimental, 5
1. Apparatus and Method of
Procedure, 5
2. Results of Extraction Method
as applied to Different
Coals, 16
3. Estimation of Organic
Sulphur, 24
III. Summary and Conclusions, .... 39
318153

Acknowledgement
.
This investigation was carried on in the
Chemical Laboratory of the University of Illinois,
during the collegiate year 1914-1915. It was
undertaken at the suggestion and has been carried
out under the direction of Professor S. W. Parr.
The writer takes this opportunity to express his
appreciation and most sincere thanks to Professor
Parr for his valuable help and direction so kind-
ly and freely given in this investigation.

1.
THE USE OF PHENOL IN QUANTITATIVE DETERMINATIONS
CONNECTED WITH THE ANALYSIS OF COAL.
I . Introduction
1. Purpose of the Investigation.
The purpose of this investigation has been two fold, (a)
to ascertain if repeated extractions of the constituents of coal
soluble in phenol can be obtained quantitatively from a uniform
sample, and (b) to see if an analysis of this extract and the in-
soluble residue will throw any light on the question of the dis-
tribution of the organic sulphur, and develop a method for its
determination.
The first part of this work is a continuation of the
general line of research which has been carried on in this
laboratory (V) , and also emphasized by many investigators in
V Parr and Hadley. Bull. No. 76. Engineering Experiment Station
University of Illinois (1914)
recent years in the study of the composition of coals (^)
.
V Bedson, J. Soc . Chemical Ind. 27, p. 147 (1908)
Wahl. Comtes Rend. 154, p. 1094 (1913)
Frazer and Hoffman, Technical Paper 5 Bureau of Mines (1913
Clark and Wheeler. J. Chem. Soc. 103. p. 1704 (1913)
Lewes. The carbonization of Coal. (1914).
—„
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It is a well established fact that the two chemical
methods, namely, the ultimate and the approximate analysis of a
coal do not give sufficient data from which many of its individual,
properties may be drawn. With this point in mind, investigators
have been attempting to study the constituents of coal as they
exist in the freshly exposed product (V)
.
4 Parr and Hadley. Bull. No. 76. Engineering Experiment Station
University of Illinois (1914).
Lewes has divided the constituents of coal into two
principal types, humic and resinic bodies. It seems true that
many properties of coal are due to certain unknown compounds
which make up these bodies. However, according to Lewes, an
ultimate analysis of either type will give approximately the
same composition of carbon and oxygen with some possible varia-
tion in the amount of hydrogen. Nevertheless, the separation
of these two substances, which differ in many of their physical
properties, may afford an opportunity for developing a better
understanding of the behavior of a given type of coal as to
weathering, oxidation, spontaneous combustion, coking, etc.
This may also serve as a means of determining the organic sulphur
present.
Two general methods of separating coal into its component
parts have been employed; (1) Distillation, (3) Extraction. On
account of the decomposition or possible change in structure of
the products on distillation at various temperatures, direct
distillation as a means of separating these constituents, seems
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impossible. Extraction methods suggest the feasibility of
separating the coal mass into its two principal subdivisions,
humic and resinic bodies.
This method of separation has been extensively attempted
with various solvents (4) inoluding ether, alcohol, petroleum-
V Parr and Hadley. Bull. No. 76. Engineering Experiment Station
University of Illinois (1914).
ether, benzol, pyridine, phenol, chloroform, anilin, acetic acid,
sodium hydroxide. Of these solvents pyridine, phenol, and anilin
extract the largest proportions of the constituents of a coal.
It seems to be a fairly well established fact that pyridine
has the property of attaching itself to some of the resin con-
stituents. Some of these compounds are insoluble in excess of
pyridine. Others, while soluble, would be difficult to separate
into the pure resin again without the danger of altering the
nature of the bodies dissolved in it.
Frazer and Hoffman, and Parr and Hadley, have worked with
phenol as a solvent. (*) . Their results have shown that large
V Frazer and Hoffman. Technical Paper 5 Bureau of Mines (1913)
Parr and Hadley. Bull. No. 76. Engineering Experiment Station
University of Illinois (1914)
quantities of some types of coal may be extracted with phenol.
Moreover, phenol behaves as a true solvent in that it does not
produce a reaction between the phenol and the humic and resinic
bodies
.
A study of the literature does not show that any attempt
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has been made for quantitative extractions of a part of the coal
mass with any solvents previous to the work of Parr and Hadley.
If the extractions of a coal under uniform conditions can
be made quantitative, then, because of the distinctive character
of the dissolved material, it may serve as the basis for classi-
fication or determination of the properties which may be assigned
to the sample in hand. Further, if the organic sulphur is a part
of the resinic bodies in coal and is quantitatively soluble in
phenol, then this extraction process may be used as a method for
its determination in any coal.
2. Outline of Present Investigation.
1. A special type of electric furnace was constructed to give
a uniform and even heat throughout the period of the extraction.
2. Repeated extractions of the same type of coal were made to
determine if the same amount of material would be extracted in
each case. The period of extraction was varied to determine its
effect on the amount of material extracted. Extractions were
made of different types of coal to ascertain if quantitative re-
sults could be repeated with any type of coal.
3. The extracts and residues were analyzed to determine if the
results would warrant the use of this extraction process as a
method for the determination of the organic sulphur in coal.
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II . Experimental
.
1. Apparatus and Method of Procedure.
The first part of the present work involved the con-
sideration of a type of heating medium which would be best
suited for keeping the phenol at an even temperature through-
out the entire extraction and maintaining the coal also at the
m , ,„ firstsame temperature. Two points were especially sought, an even
distribution of heat to all parts of the flask containing the
solvent and the coal. Second, a method of heating the
phenol at high temperatures in order to increase its solvent
effect and minimize the time element. The length of time re-
quired for the process necessitated further, a safe method of
heating which would not require constant attention.
(A) Electric Furnace.
An electric furnace seemed the most likely to furnish the
necessary requirements. Such a furnace was made according to
the following design as shown in Figure I.
It was estimated that 30 feet of Nichrome wire, size
No. 20, B. & S. gauge on a 110 A. C. current would give suffi-
cient heat to keep the phenol at the boiling point. This amount
of wire was wound into coils J- inch in diameter, and in this
form tightly wrapped around an insulated iron core. The core
(N) was an iron pipe £ inch thick, 9 inches long, and 6 inches
in diameter. It was insulated from the wire with a layer of
asbestos board (M), l/8 inch thick. The wire doubled at the
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A
5
Cross Section of Extraction Apparatus.
Figure I.

7.
center was wrapped around the core in parallel windings not less
than one inch apart. Thus bringing the two leads out together
at the top. A cementing mixture of water glass and fire clay
was prepared and the thick paste spread over the wire £ inch
thick to hold the coils firmly in place and prevent short-cir-
cuiting. A casing to inclose the furnace was made of heavy
galvanized iron. It was constructed 13 inches high, 13 inches
in diameter, and the cover contained a 6 inch opening in the
center. A three inch layer of finely pulverized asbestos (0)
was packed firmly on the bottom of the casing and the wired core
placed on top of this in the center. Finely ground asbestos (K)
was packed on all sides of the core 2-g inches in thickness. The
lead wires, insulated from the casing by glass tubing and a
mixture of asbestos and bakelite was brought out through the
openings in the cover by means of binding posts. These posts
were insulated with asbestos board washers and bolted to the
casing. A heavy asbestos board cover was made for the top of
the furnace to tightly enclose the bulb of the extraction flask
and prevent radiation. On a 110 volt circuit this furnace gave
a maximum temperature of 400°C. - It had an internal resistance
of 34.5 ohms, with a maximum current of 4^- amperes. A temper-
ature of approximately S65°C. was used in the extraction work
requiring a current of 3.4 ampere3. The external resistance
for temperature control being regulated by a carbon plate
rheostat. The working temperature could easily be attained in
a period of one hour. This furnace gave excellent satisfaction
as a heating medium, both in maintenance of constant temperature
and in evenness of distribution of heat.

8.
(B) Extraction Apparatus.
A3 shown in Figure I, the three essential features of the
extraction apparatus are, a kjeldahl flask (I), a condensing
bulb (E), and an extraction cone (H). The flask should be of
Jena glass and of 800 cc . capacity. A bulb to condense the
phenol vapors is extended into the neck of the flask through a
No. 7 rubber stopper, covered with tin foil. Bulbs of various
lengths were experimented with, and one 5 inches long was found
to be the most efficient to condense the phenol vapors. Three
different liquids, toluene, phenol, and xylene were considered
as condensing media. Toluene boils at 110°C, and as liquids
of higher boiling point were sought, to raise the temperature
of the condensing phenol as it drops back on the coal, it was
not made use of. Phenol was tried, but was not satisfactory.
The ascending phenol vapors were not completely condensed and
some escaped. The crystallization and clogging of the condenser
tube was another objectionable feature. Xylene was next attempted.
It boils at 142°C. and the boiling liquid condensed the phenol
vapors very effectively with practically no loss of vapors at
working temperatures. Xylene was used in all extractions. The
condensing bulb containing the xylene was connected with an air
condenser (A), 30 inches in length, to condense the boiling
xylene. A small tube (C) for the admission of C02 into the
extraction flask was placed in the rubber
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stopper, and an outlet (B) for C02 and for the condensing of
any phenol vapors, escaping from the flask. The coal being
extracted was placed in a soxhlet extraction cone, supported
on a glass rod ( J) . It is placed at the base of the neck of the
flask, just below the condensing bulb. Thus the extraction cone
containing the coal sample is entirely enclosed in the furnace.
The rising phenol vapors condense on the surface of the con-
densing bulb and drop back on the hot coal in the cone. A
photograph of the furnace and the extraction apparatus is shown
on page No. 10.
(C) Preparation of Sample.
The principal thing sought in obtaining samples, was to
procure coal that had not been exposed to the air for any length
of time. In only one case was a sample procured that had been
mined for over two weeks, and in most cases they were leas than
one week old. The question of uniformity of the sample of a
particular grade of coal was of secondary importance, and so in
the case of lump coals, choice lumps were picked with the idea
that there was less danger of oxidation or other alteration of
the sample when obtained in this form. The samples were broken
up to the size of marbles and air dried for 30 hours and then
ground to 100 mesh and preserved in erlenmeyer flasks with
solid rubber stoppers, in dessicators. In the early part of
this work samples for extraction were taken directly from these
flasks, the moisture content having been determined by the
standard method and correction in the weight of the sample being
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made for the moisture content . In the latter part of the work,
the samples for extraction were oven dried for one hour at 105°C
in a current of COg • before weighing the sample. This change
was made because it seemed that the error in correction for
moisture content of the sample might be greater than the error
from oxidation in drying the sample just before an extraction
was made.
(D) Treatment of Extract.
At the completion of the period of extraction, the hot
phenol solution of extracted material is placed in a distilling
flask. The last traces of the extract being washed out with
small quantities of hot phenol and the phenol distilled off in
the presence of CO3 under a reduced pressure ranging from
35 mm. to 70 mm. This variance in reduction of pressure was
due to variation in suction of the water pump used for the
purpose
.
Two methods of distillation were used. One was by means
of a common side-neck flask of short neck and large diameter.
The phenol vapors coming off, were passed through an ordinary
condenser through which hot water was circulated; hot water
being used to prevent solidification. The receiver was a side-
necked flask so placed that the side neck was used as inlet for
condensed
the,, vapor and the regular opening was used for applying suction.
A Wood's metal bath was used to keep the temperature of the
entire bottom surface of the flask uniform, and the distillation
was made at a temperature ranging from 90°G. to 140°C. with a
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reduction in pressure of 35 mm. to 70 mm. Excessive bumping
during the distillation, accompanied by the danger of frothing
over of the extract during the distillation, led to the use of
another type of distillation apparatus. A Claisson bulb with
long side-neck was connected to a 500 cc. distilling flask and
this in turn was connected by means of its side-neck to suction.
Cold water dripping on the receiving flask condensed the phenol
vapors. The danger of loss of extract through bumping was
entirely eliminated in this apparatus. After the phenol was
distilled off, the temperature of the bath was raised to 190°C.
and COg passed through rapidly to sweep out the last traces of
phenol. The extract is then dried in the drying oven for one
hour at a temperature of 190°C. in a COg atmosphere.
(E) Treatment of Insoluble Residue.
The residue of coal remaining in the extraction cone is
placed in a soxhlet apparatus and washed for two hours with
alcohol and for two hours with ether. The coal at first was
freed from ether by letting the cone and contents stand in the
air for about one-half hour, but later it was found that it
could be dried more effectively and rapidly with less danger
of oxidation by placing in an oven at 70°-80°C. in a CO2
atmosphere. About 10 to 15 minutes was found sufficient. After
shaking out the coal from the cone into a flask it is dried for
one hour in an oven in a CO2 atmosphere to get the last of the
phenol out of the residue. A complete removal of the phenol
was difficult to accomplish. The oven was kept at a temperature

13.
of 190°-200°C. but the high results for residue obtained could
not be entirely accounted for by oxidation, and suggested that
all the phenol was not removed. A temperature of 20C°C. was the
highest that could be obtained from the oven employed and so in
order to make use of a higher temperature for heating the
residue, a special type of oven was made. An aluminum beaker
of 600 cc. capacity was lined with asbestos J inch thick and a
heavy asbestos board cover fitted tightly over the top. The
Florence flask containing the residue was placed in the beaker
ori a raised triangle. A rubber stopper covered with tin foil,
with inlet for CO2 and an outlet for CO2 and phenol vapors,
was placed tightly in the necl of the flask. The temperature
was easily raised and kept constant at 210°-215°C. At this
temperature we founcP
r
t¥a^°a!tf^the phenol could be driven off.
That the vapors in each case were phenol were indicated by the
odor. Tests for possible decomposition products were not
applied in this series of experiments. This method of heating
the residue was used in the last six extractions and the resulti
obtained gave evidence that phenol had not all been removed from
the residue of previous extractions. The extraction cones were
dried in an oven at 105°C. and weighed to get the weight of
traces of coal clinging to the cone,
(F) Method of Procedure.
I
The method of procedure as finally worked out is as
follows: 55 cc. of re-distilled colorless phenol is placed
in a clean 800 cc. jena kjeldahl flask. A 5 gram sample of
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oven dried coal, ground to 100 mesh is placed in an extraction
cone which has been dried, desiccated and weighed. The cone is
placed on a glass rod support in base of neck of kjeldahl flask.
The glass rod has also been dried, desiccated and weighed. The
condensing bulb of xylene is placed over the cone, the bottom
of it being £ inch above the top of the cone. The flask is
placed in the electric furnace, having the bulb entirely en-
closed. The top of the furnace is covered with a piece of very
heavy asbestos board, CO3 is passed into the flask and the air
condenser attached to the condensing bulb. The temperature of
the furnace is adjusted to 265°C. and the extraction is con-
tinued for a definite period of time. The CO2 is passed in
rapidly at first to displace the air and then at a slower rate
for the entire period of the extraction. The time was varied
with different experiments to find the limits of time required
for complete removal of the soluble material. After the ex-
traction period is ended, the phenol containing the extract is
washed into a weighed distilling flask with several portions
of pure hot phenol, and the phenol is distilled under a reduced
pressure. CO2 is passed rapidly through the distillation flask
at first, to displace the air, and then more slowly throughout
the entire distillation. At the end of the distillation the
temperature of the bath is raised to 190°C. and the CO2 is
passed through the apparatus very rapidly to sweep out the last
traces of phenol vapor from the extract. The flask is then
placed in an oven and heated for one hour at 190°C. in a COg
atmosphere to drive out the last traces of the phenol remaining
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in the eide-neck of the distilling flask. The flask is then
cooled in a desiccator and weighed. The glass rod supporting
the extraction cone, which was weighed at the beginning of the
extraction, is heated in the oven with the distillation flask
for one hour at 190°C, desiccated and weighed, to get the
weight of traces of extract clinging to it. The residue in the
extraction cone is washed for four hours, first with alcohol
and then with ether. After the ether has been driven out of the
residue by heating to 70°-80°C. in an oven in a COg atmosphere
for 15 minutes, it is shaken into a small florence flask
previously weighed and heated in an oven at 210°-215°C. for
one hour in a CO2 atmosphere, cooled in a desiccator and
weighed. The extraction cone is dried in the oven at 105°C.
for one hour and weighed to get the weight of any particles of
residue clinging to the extraction cone.
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2. Results of Extraction Method
as Applied to Different Coals.
Extractions were carried on to verify the quantitative
character of the process, chiefly by noting the variations in
the amounts extracted from the same coal in different periods
of time. Such results, if quantitative could then be compared
as between different coals to indicate the application of the
process in differentiating between coals, as to their properties
and character.
Blank extractions were made with pure redistilled phenol
to find the amount of decomposed phenol residue which remains
in the extract after the extraction and the distillation of the
phenol. In these extractions 55 cc. of phenol were taken and
the extraction carried on for 30 hours at 365°C. The phenol
was then washed into a distillation flask with about 35 cc . of
hot phenol, approximately the amount used in each extraction,
to wash out the flask. The phenol was distilled off under a
reduced pressure and the flask dried for one hour in the oven
and weighed.
TABLE I .
Showing the amount of phenol decomposed during 20 hours
distillation, under standard conditions:
No. Phenol . Wash Phenol. Weight Residue.
1 55 cc. 25 cc. .0§07
2 55 cc. 35 cc. .0259
3 55 cc. 35 cc. .0329
The average amount of residue is .0365 grams. In the
calculations of the per cent of extract obtained from each
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sample a correction for this residue was made.
Nine different samples of coal were used in this work.
An analysis of these samples for moisture and ash was made as
given in Table II.
TABLE II .
Showing a partial analysis of coals used in the
Extraction Work.
Coal. Ash. ^oist
Danville Electric 10.00 1.87
Georgetown I. 14.99 4.47
Georgetown II. 13.52 10.09
Majestic
.
11.18
Harrisburg, 6.76
Jellico
.
1.43
New Kentucky Lump. 5.44
Centralia. 13.79
Georgetown III. 17.79
The analysis for moisture was only rmade in the samples
which required this data for the calculations. Volatile matter
determinations and ultimate analysis were not made as such data
was not considered pertinent to the present investigation. The
ash content of the different samples of Georgetown coal do not
agree because no attempt was made to get uniform samples.
Attention is also called again to the fact that selected lumps
of coal were taken instead of sampling in the usual manner.
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Table III shows the results of the series of extractions
that were made with these coals.
TABLE III.
Sample It . of Wt . of Time
Majestic
Harrisburg
Jellico
n
No. Dry Ext
.
Res
.
^ Ext. fo Res
.
Hrs
.
5 5.0322 1.3510 3.7959 29.026 72.66 30
6 4.8453 1.4184 3.5221 31.68 69.73 25
7 5.1669 1.4285 3.9451 29.93 73.66 20
8 4.8765 1.3639 3.8181 30.25 75.77 25
9 5.0337 1.3509 4.3607 37.05 83.88 20
10 2.9439 0.7353 2.3508 26.40 77.55 11
I 11 4.7785 1.2883 3.7488 30.73 74.50 20
13 4.7785 1.3800 4.0215 30.60 81.00 17
13 4.7785 1.4034 3.8276 33.60 76.38 40
II 14 4.4974 1.3141 3.8603 30.28 83.55 20
15 4.4974 1.3495 3.7517 31.20 80.80 23
16 4.4974 1.3899 3.6264 32.26 77.51 26
17 4.4974 1.2096 3.7140 30.15 79.50 20
18 4.4974 1.0787 3.7707 26.80 81.33 12
19 4.4974 1.3893 3.5547 32 .32 75.70 45
a Ann a
ft . ft» r ft . (U (a OQ CO ?n&u
21 5.0019 1.1840 4.1626 25.85 81.08 21
23 5.0019 0.9002 4.3662 19.43 85.58 20
24 5.0019 1.1568 4.3812 23.98 84.60 20
25 5.0019 1.0337 4.3989 21.18 86.80 20
26 5.0019 1.0071 4.4529 19.54 88.78 20
27 5.0019 0.8909 4.4544 17.27 88.80 20
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Sample Wt . of '.Vt . of
Coal
.
No . Dry Ext . Res .
Jellico 38
Georgetown III 33
New Ky. Lump 35
" " " 36
Centralia 39
" 40
5.0019 0.8466 4.3866
5.0019 0.4782 4.6640
5.0019 0.9794 4.3341
5.0019 0.9553 4.3337
5.0019 0.4378 4.6505
5.0019 0.4593 4.6131
Time
$ Ext . <o Rea. Hrs .
16.41 85.45 30
10.74 91.60 30
19.91 83.80 20
19.43 83.40 20
9.31 93.00 20
9.68 91.01 20
V The values for f Extract and fo Residue are on an ash,
moisture and phenol free basis.
The calculations for the corrected per cent of extract
and residue were based upon an ash and moisture free sample.
1. Formula for corrected Extract.
# Extract (as weighed) - $ Phenol decomposed j, _1
-imfo L^Trj[SR " = # Extract
.
3. Formula for corrected Residue.
Residue (as weighed) - $> Ash ^ _ . ,
'
lOOjT - fAsh = * Residue.
The high totals in excess of 100$ seem to indicate either
an oxidation or a retention of phenol in either the extract or
residue. To test the matter the residues from Nos. 38 on were
given a higher heat in the drying process, Nos. 1 to 37 inclusive-
had been subject to a temperature of 190°C -300°C. In the last
six extractions, 38 to 40 inclusive, a temperature of 310°C. -
315°C. was used and the great improvement shown in the latter
results seemed to point to the fact that the residue was more
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completely purified of phenol. Samples of residues of previous
extractions were heated up to 210°C .-215°C . and phenol odors
were noted which indicated that phenol was at least one of the
factors entering into the variable, if not the most predominant
factor. No investigation was made of the vapors coming off
between 200°C .-215°C . to determine if decomposition products
of coal were a part of it. Extractions Nos. 21 and 23 were
made about six weeks apart. The variation in the amount of
material extracted bears out the previous evidence gained by
Parr and Hadley, that the amount of material extracted by phenol
decreases with the age of the sample. Extraction No. 33 is of
a sample of coal which had been kept under water in an air tight
jar for 15 weeks. This method of keeping a sample was tried to
see if this method could be used for preserving the samples,
without the danger of their alteration with reference to the
phenol soluble substance. The amount of material extracted
seemed to indicate that this method could not be used. However,
the evidence does not warrant us in saying that it is a more
detrimental method than leaving the sample exposed to the air.
Table IV shows the relation of time to the amount of
material extracted as given in Table III.
TABLE 17.
Showing variation in the fo of the extract with the
period of the Extraction corrected for decomposition products
of phenol.

21.
Coal 11-12 Hrs. 17 Hrs. 20 Hrs , 23 Hrs. 25-26 40 45
Hrs . Hrs . Hrs.
Danville 26.4 28.66* 30.96*
Georgetown I 20.60 30.72 33.60
Georgetown II 26.8 30.006* 31.20 32.26 32.22
4 The value is the average of several determinations.
Perhaps the most noticable point in this table is the
uniform increase in extract per unit time. In the case of the
Danville coal there is an average increase of .3$ per hour for
the three extractions after the eleventh hour. In sample No. 2
of the Georgetown coal there is a regular increase of .4$ per
hour from 12 hours up to 26 hours, and no change whatever after
that. These results seem to indicate that after the first few
hours of the extraction, the time is a direct function of the
material extracted.
Table No. 5 shows the relative amounts of extractive
material from different coals.
TABLE V.
Showing the average percent of the extracts from different
coals for a 20 hour extraction period.
Coal. % Extract.
Danville Electric 28.66
Georgetown I 30.72
Georgetown, n 30.066
Majestic 22.64
Harrisburg. 22. 5o
New Kentucky Lump 19.66
Jellico (Tennessee Coal) 17.74

21a
The Graph on page 31b shows the relation between the period
of extraction and the percent of material extracted in Georgetown
coal No. 2. Plotting time against the per cent of extract, it is
seen that the per cent of extracts increases uniformly with the
time up to 26 hours and then the extraction ceases.

21b.
-p
o
03
u
•p
w
o
o
40
36
32
24
20
16
3
4 8 12^ 16 20 24 28 32 36
Hours,
Relation between the per cent of Extract
and the Period of Extraction.
Georgetown Coal II.

22.
A oomparison of these values are of especial interest as sub-
stantiating the work of Parr and Hadley in showing that the
amount of extract apparently conforms, for a given region, to
the earlier results.
Table VI gives the results of the amounts of material
extracted by phenol in a definite period of time.
TABLE VI
.
Showing the variation in the $ of Extracts for the same
Extraction Period.
Coal. Extraction Period, fo Extract. Average Mean Variation
Danville 20 hours 29.026
" 20 hours 29.93 29.478 .452
Danville
Georgetown
Harrisburg
25 hours
25 hours
20 hours
20 hours
20 hours
20 hours
20 hours
31.68
30.25
30.28
30.15
29.59
23.98
21.18
30.965
30.0066
22.58
.715
.2744
1.40
Jellico
n
20 hours 17.27
20 hours 16.41 16.84 .43
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Coal
.
Extraction Period fo Extract
.
Average Mean Variation.
New Kentucky
Lun:p 20 hours 19.91
20 hours 19.42 19.665 .245
Centralia 20 hours 9.21
9.68 9.445 .235
A study of these results shows that the amount of material
extracted at a uniform temperature in a given period of time, is
a fairly constant quantity. The values found do not check them-
selves as well as should be expected in general quantitative
determinations. However, when the possible sources of unavoid-
able errors are considered (a) the change in composition of the
sample that may take place between extractions, (b) the danger
of oxidation throughout the extraction period and the removal
of phenol from the extract and the residue, and (c) the mechanical
errors involved in the entire process, it seems that the results
obtained may be truly called quantitative results.
Sufficient data is not at hand to say what is the point
where extraction ceases. However, our data indicates that after
26 hours the amount extracted is very small. Also it is evident
that over 80$ of the extract is taken out within the first 12
hours and that after this point, there seems to be a direct
proportion between the amount extracted and the period of time
up to 26 hours.
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3. Estimation of Organic Sulphur.
The next part of this work involved the analysis of the
extract and the insoluble residue to determine if this extraction
process could be used for the estimation of organic sulphur.
Previous work of Parr and Hadley had shown that the phenol
extract from coal contained no ash, thus indicating that iron
and sulphur being present as sulphates and sulphides are insoluble
in phenol. If this is true, no iron should be found in the
extracts, assuming that it is present as sulphate or sulphide.
And any sulphur found in the extract should be sulphur either free
or in the organic form.
(A) Insolubility of Sulphates and Sulphides in Phenol.
To prove that sulphates and sulphides are insoluble in the
process as outlined, extractions were run for twenty hour periods
with (l) Markasite, (2) Pyrites, and (3) with a mixture of
sulphates, CaS04, Fe2(S04)3^FeS04. 5 grams each of pure Marka-
site and Pyrites were ground in an agate mortar to 100 mesh and
subjected to the standard process. After the twenty hours con-
tact the phenol, which was only slightly colored, similar in
appearance to phenol in blank extraction due to the decomposition
j
of some of the phenol, was distilled off and the brownish materiaj
which stained the glass was similar in appearance and weight to
[that of the phenol blank extraction.
t
For the sulphate extraction, 1 gram of each oven-dried
sample was mixed together with fine sand or calcium carbonate to
facilitate the passage of the solvent. Considerable difficulty
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was found in making an extraction. The extraction cones being
decomposed and the cone and the sulphates falling into the phenol
This necessitated a final filtration of the hot material through
dry Gooches with suction. Portions of the filtrate were then
treated with cone. HC1 and boiled to extract all or a part of
any sulphate that might be held in the phenol solution. The HC1
layer was then separated from the phenol in a separatory funnel,
diluted and tested for sulphates with BaCl2 • In five portions
thus treated, no precipitate of BaSC^ could be seen after allow-
ing the solution to stand over night. In the sixth portion a
slight trace of a white precipitate was obtained after standing,
similar in appearance to BaS04 but was considered too small to
be quantitatively determined. The solubility of the sulphates
was also tested by placing a mixture of 1 gram each of the sul-
phates in a large test-tube with 50 cc . of phenol, and 1 gram of
CaS04 alone in another large test-tube and placing them on the
water bath with refluxes for three days. The phenol layers were
filtered off and after adding cone. HC1 and boiling, the HC1
solution was separated in a separatory funnel, diluted and tested
for sulphates with BaCls. After standing over night no precipitai
were obtained in either case.
Samples of extract material from both low and high sulphur
coals were ignited in porcelain crucibles and in no case was any
ash remaining.
From these experiments it seems evident that sulphur
present in coal as sulphide or sulphate is entirely insoluble in
phenol
.
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B. Method of Analysis for Iron and Sulphur.
In attempting to find the distribution of sulphur and the
form in which it was present, an analysis of the insoluble residue
for sulphur and also for iron seemed to be suggested. This would
furnish not only a check on the per cent of iron and sulphur
found in the original coal, but also in the attempt to prove that
all the sulphur in the residue was present either as sulphate or
sulphide
.
The iron and sulphur were determined by the peroxide
fusion method. A sample of the coal, extract, or residue was
placed in a crucible with sodium peroxide, potassium chlorate,
and in the case of the extracts, a little sodium benzoate was
added, and ignited. The fusion was dissolved out, acidified with
HC1, the iron precipitated with NH4OH and determined volumetri-
cally by the Zimmerman-Re inhardt method, and the sulphur pre-
cipitated as BaS04 and ignited as such.
Two types of bombs were tried in this work. The first one
was a bomb made of an alloy of nickel and iron ordinarily used
for sulphur analysis of coal in the fusion method. Blank ex-
tractions showed that iron was extracted from the crucible in
variable amounts. In order to be able to determine the iron and
sulphur in the same fusion a pure nickel crucible was obtained
in a bomb of special size but of the same general design as the
Parr Calorimeter bomb.
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1. Description of Fusion Bomb.
The bomb as shown in the cross sectional drawing in
Figure II, was designed by Professor Parr. The crucible (C) is
made of pure nickel. It is placed in the bell body (E) which is
open at the bottom to allow water to be in contact with the out-
side of the crucible. The stem cap (A) which carries the fuse
wire (D), making the connections to complete the electric circuit
for igniting the charge, is fitted tightly on the nickel crucible
by means of a rubber gasket and held tightly in place by means of
screw cap (B). The fuse wire extends down into the charge j inch.
The bomb is immersed in water up to the base of the stem, and the
charge ignited by connecting the terminals on the stem with an
electric current.
2. Charge for the Fusion.
In case of the residues and the original samples, .5 grar:
samples of coal, oven-dried, were taken, and 1 gram of KCIO3 and
10 grams of NasOs added. The mixture was thoroughly mixed in
the bomb, placed under water and the charge ignited by an elec-
tric current. The bomb was allowed to remain under the water
until perfectly cool. Fuse wires were used free from iron. In
the latter part of the work some iron was present in the fuse
wires. Its quantity was determined by blank fusions and
corrections made for the amount present.
In the extracts .3 gram samples were taken because of
the limited quantity of the material at hand. It was found that
the addition of ,2 to .3 gram of sodium benzoate made a more
complete fusion.

28.
Cross Section of Bomb.
Figure II.
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3. Treatment of Fusion.
The fusion was dissolved out in hot water and 10 cc. of a
saturated solution of bromine water was added and the solution
boiled for 5 minutes. It was then acidified with cone. HG1 and
boiled to drive out the carbonate. On pouring into 10 cc. cone.
NH4OH the iron was precipitated. The ferric hydroxide was
filtered off and the iron dissolved in 5 cc. hot HC1 and repre-
cipitated into 10 cc . cone. NH4OH , 5 cc. bromine water added
and the solution boiled for five minutes and then filtered into
the same filter paper and washed. The combined filtrates were
slightly acidified with HC1, diluted up to 400 cc . and the
sulphate precipitated as BaS04 , from a boiling solution by the
addition of 10 cc. of a boiling solution of 10£ BaCls added
slowly from a pipette with constant stirring. The precipitate
was allowed to stand for at least 10 hours, then filtered and
washed free from chlorides and ignited and weighed as BaS04»
The iron was dissolved from the filter paper with 10 cc . of hot
cone. HC1 diluted with 10 cc. of water. It was reduced to the
ferrous form with stannous chloride, cooled and 10 cc . of mercu-
rous chloride added to take out the excess stannous chloride. The
solution was diluted up to 400 cc, 10 cc . of preventive solution
consisting of manganous sulphate and phosphoric acid, added and
the iron titrated with 30 th normal KMn04. Blank analysis for
iron and sulphur were made in the fusion process and the subse-
quent treatment. Corrections were made in all analysis for the
iron and sulphur found in these blank determinations.
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4. Sulphate Analysis.
Assuming that all the mineral sulphur is present in coal
as a sulphide or a sulphate, it seemed necessary to determine the
amount of sulphur and iron present in each form. If all the
sulphur in the residue could be accounted for as existing in
either of these forms it would seem logical that the sulphur
obtained in the extracts was not only the organic sulphur but was
also the total amount of it present. Accordingly the analysis
was made of the samples for sulphates and the remaining mineral
sulphur found in the residue was assumed to be present as sulphide.
If sufficient iron was left to account for the presence of this
sulphur as FeS3 it would be reasonable that the organic sulphur
was quantitatively extracted in this process. The analysis of
the samples of coal for sulphates was made by treating 5 gram
samples of oven dried coal with 300 cc . of a Zfs solution of HC1
for 40 hours with occasional stirring and heating to a tempera-
ture of 60°C. The sample of coal was then filtered and washed
thoroughly and the extract analysed for iron and sulphur by the
general method as outlined under treatment of fusion. The iron
being determined volumetrically by the Zimmerman-Reinhardt method
and the sulphur determined gravimetrically as BaSO^..
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Table VII shows a comparison between the amount of iron
found in the residues and that which was found present in the
original sample.
TABLE VII.
Showing the Iron Analysis of the samples and residues.
Coal. No. Fm in Residue F© in Sample.
UCU X \J W li 17 1 96X . 5U 2 04
n 14 1 Q8S 2 04
n 16 1 9*5 2 04
20 1.99 2 04Kl • W*X
n 18 1.994tww 2 04
ti 19 1 89X » Ow 2 04
n 1 Sft "1 ft*5*
ills* J C B U lb 21 • Ot/D
n
. COO . Dc?0
Harrisburg 34 .7485 • 745
n 25 .7745 .745
Jellico 26 .495 .556
n 27 .502 .556
n 28 .392 .556
New Kentucky Lump 35 .462 .492
n n 36 .47 .492
Centralia 39 6.75 6.69
n 40 6.73 6.69
It is evident froa these results that the Iron is all
contained in the residues. Because of the fact that no iron
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was found in the extracts, the values for iron as found in the
coal samples were used in the calculations, as they were con-
sidered the most accurate results. The experimental error in-
volved in the determination of iron in the samples was much less
than in the residues.
Table VIII shows the results of the sulphur analysis of
the extracts, residues and the original samples.

TABLE VIII,..
Showing the sulphur analysis of Extracts, Residues
and Coal Samples
.
Difference S. determined in
Coal. No. Total S . S .in Res
.
by Calc
.
Ext . as Or^. Sul.
Georgetown 17 2.44 2.24 .20 .1842
« 14 2,44 2.275 .165 .1815
n 16 2.44 2.233 .207 .2534
n 30 2.44 2.195 .245 .2365
tt 18 2.44 2.30 .14 .1633
n 19 2.44 2.20 .24 .1845
n 33 1.94 1.889 .051 .0740
Majestic 21 1.068 .726 .342 .2756
n 23 1.068 .568 .50 .1563
Harrisburg 24 1.245 1.055 .19 .1998
n 25 1.345 1.035 .21 .1768
Jellico 36 .847 .6675 .1795 .1680
n 27 .847 .690 .157 .1442
n 28 .847 .686 .161 .1005
New Ky.lp. 35 .589 .448 .141 .0850
n n 36 .589 .457 .133 .0910
Centralia 39 8.42 7.38 1.04 .193
it 40 8.42 7.44 .98 .191
The method of calculation of the sulphur in the extract
and the sulphur and the iron in the residues is as follows
.
(1) fo Sulphur in the Extract
.
Wt. BaSC^x Conversion Factor ( .137) x Wt . Extract
Wt
.
sample (for sulphur analysis) x Wt. Extraction sample
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£ of Sulphur of the original Sample extracted.
(2) $ Sulphur in the insoluble Residue.
Wt . BaS0 4 x Conversion Factor (.137) x Wt . Residue
Wt. sample (for Sulphur analysis) x Wt . Extraction
Sample
$ of sulphur or the original sample remaining in the
insoluble Residue.
(3) fo Iron in the insoluble Residue.
CCKM11O4 x Conversion Factor (.00293) x Wt . Residue
Wt . Sample (for iron analysis) x Wt . Extraction sample
fo of Iron of the oringinal sample remaining in the reeidue.
One of the most striking things that may be noticed in the
sulphur analysis is the uniformity in the amount of sulphur found
in the extracts. Analysis of the extracts of six extractions of
Georgetown coal show a variation of less than .085^ in the sul-
phur content of each extract. Extraction No. 33 was taken of a
sample of Georgetown coal that had been kept under water for
several weeks. The small amount of sulphur found in the extract
seems to indicate that some change had been made in the composition
of the sample. Evidently the sulphur had been changed to an
insoluble form, with oxidation the most probable cause for it,
or it had been partially dissolved in the water. Extractions
Nos. 18 and 19 were for a short and a long period of time respect-
fully. Analysis for the sulphur content, however, discloses only
.02^ difference in the amount of sulphur extracted, This seems to
indicate that most of the soluble sulphur is taken out in the
first 12 hours of the extraction period and that after 20 hours
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no more sulphur la extracted. Extractions Nob . 39 and 4C were
of a high sulphur coal and show good uniformity to the amount of
sulphur obtained in the other coals. It seems logical that the
amount of organic sulphur contained in all coals in a given
locality should be a fairly constant quantity. The results ob-
tained in the various coals seem to bear out this hypothesis and
thus indicate that we may be getting the organic sulphur quanti-
tatively extracted. The absence of ash and iron in the extracts
and the insolubility of sulphides and sulphates in phenol indicate;
clearly that our extracts contain the organic sulphur. If all the
sulphur in the residue can be accounted for in the form of sul-
phides and sulphates it should be evident that all the organic
sulphur is being quantitatively extracted.
Table IX shows the results obtained in the attempt to
account for the total sulphur in the coal samples.
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TABLE IX.
A comparison between Total Sulphur in Coal and the to
Sulphur Accounted for.
Total Fe aol.
Coal No. Fe in Hcl
S.scl. Total
in Hoi minus
Fe
cliff
.
Total
to org. S
Georgetown 17 2.04 .256 .219
Holeol.
1.784
Fe make FeS2 Hdlsol
2.038 2.0*568
n 14 2.04 .256 .219 1.784 2.038 2.0395
n 16 2.04 .256 .219 1.784 2.038 1.9676
n 20 2.04 .256 .219 1.784 2.038 1.9845
n 18 2.04 .256 .219 1.784 2.038 2.0578
it 19 2.04 .256 .219 1.784 2.038 2.0375
n 33 1.63 .086 .0634 1.544 1.765 1.8026
Majest ic 21 .593 .076 .00466 .517 .591 .79706
n 23 .593 .076 .00466 .517 .591 .90704
Harrisburg 24 .745 .0357 .00685 .7093 .81 1.0383
n 25 .745 .0357 .00685 .7093 .81 1.061
Jellico 26 .556 .088 .00575 .468 .535 .67325
« 27 .556 .088 .00575 .468 .535 .6971
n 28 .556 .088 .00575 .468 .535 .74075
New Ky.Lp 35 .492 .0345 .006 .4575 .5225 .498
« n 36 .492 .0345 .006 .4575 .5225 .492
Centralia 39 6.69 .16 .0682 6.53 7.46 8.159
n 40 6.69 .16 .0682 6.53 7.46 8.151
Table X shows the amount of sulphur which cannot be
accounted for in the analysis of the residue alone.
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TABLE X«
Showing the amount of Sulphur Unaccounted for in the Residues.
Coal. No. Total Fe - Sulphate Fe x 1.141
+ Rultihatpfl = Total Sulr>hur
in Residue.
S. in Re?, Diff
.
_ J
Georgetown 17 3.04-.356x' 1.141 +.319 = 3.355 3.34 + .015
n 14 3.375 -.03
ti 16 3.333 + .033
ti 30 3.195 + .06
n 18 3.30 -.045
n 19 3.30 + .055
tt 33 1.63-.086x 1.141 +.0634 = 1.835 1.889 -.064
Majestic 31 ,593-.076x 1.141 +.00466 = .5945 .736 -.1315
33 .568 +.0365
Harrisburg 34 .745-.0357x 1.141 +.00685 = .83015 1.055 -.3348
n 35 1.035 -.3148
Jellico 36 .556-. 088x1. 141 +.00575 = 5397 .6675 -.1378
n 37 .69 -.1503
n 38 .586 -.1463
J.V W> V¥ XV Jf * * 493- 034 tSx 1 141 + 006 = R2ft 44ft + Oft
n ti 36 .457 + .071
Centralia 39 6. 69-. 13 x 1.141 + .0683 = 7.519 7.38 + .139
n 40 7.44 + .079
The calculations for the total sulphur in the residue was
based upon the following formula:
Pe
x
- Fe2 x 1.141 + Sx = S
Where Fe-^ is total iron present in the coal
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Feg is the iron present as sulphate.
1.141 is the factor for the ratio between Fe and S in FeS2«
Si is the sulphur present as sulphate.
S is the total sulphur accounted for in the Residue.
Tables IX and X show that in most cases, small amounts of
sulphur were unaccounted for. We would expect to account for more
sulphur in the residue and in the coal sample than is actually
found, by the method of calculation because of the possibility of
some traces of iron being present in coal as Fe^O^,* Because of
this fact the results obtained do not give absolute proof that all
the organic sulphur has been extracted, yet the possibility of
experimental errors in the extractions and the analysis of extracts
and residues are sufficient to warrant the assumption that with the
evidence at hand it appears highly probable that the organic
sulphur is quantitatively extracted from coal by the aid of phenol
as solvent.
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III. Summary and Conclusions
«
1. Extractions of coal with phenol were carried out to
see if repeated quantitative extractions of a coal could be
obtained under the same conditions.
3. An electric furnace was designed to give a uniform
and an even heat to the coal throughout the period of extraction.
A condensing medium for phenol was used which would keep the
temperature of the condensing phenol above 140°C. in the attempt
to hasten the solvent action of the phenol.
3. The results show that when the time and the temperature
are kept constant it is possible to get repeated extractions of
a given coal with less than ifo variation.
4. Analysis of the extracts, residues, and coal samples
were made to determine the value of the method as a means of
estimating the organic sulphur present in coal. The sulphur
content of the extracts of a definite type of coal, and in
different types of coal, was very uniform, indicating that
sulphur of a special form was being extract ed in each case.
Sulphur present in coal as a sulphate or a sulphide is
insoluble in phenol in this method of extraction.
The analysis of the residues for iron and sulphur seems
to show that the residue contains the inorganic sulphur of the
coal.
It seems to be indicated further that the organic
sulphur is being extracted quantitatively from coal by the use
of phenol as solvent.



